Abstract. In Vietnam, in recent years, remote sensing technology has developed very strongly in many different application areas. Besides, remote sensing using optical satellite, radar satellites, passive remote sensing includingmicrowave radiometers has been studied for a long time.
INTRODUCTION
Remote sensing of forest canopies from airborne and spaceborne platforms using active and passive microwave systems is an advanced tool for ecosystem monitoring. Microwave radiometers could give additional information about denseforest transmissivity and biomass, where other remote sensing systems (opticalradiometers, Synthetic-aperture radar -SAR) suffer the early saturation effect. Ground-based upward-looking radiometers have been applied previously for monitoring the temporal changes of the emission of deciduous and coniferous trees, and estimating the corresponding transmissivity and foliar biomass from the radiometric data.
In remote sensing, the temperature and emission values are important parameters. Emission is related to temperature and transmission through foliage. Radiation from the trees can be partly absorbed and partially down to the ground. Although it is difficult to determine the emission from the transmissivity, it still affects to the microwave radiation from the canopy. The transmissivity of the vegetation contributes to determining the observed radiation. Transmissivity is one of the useful parameters for evaluating tree parameters.
The results of some studies on seasonal variations of emissivity measured by ground-based upward-looking radiometers have been reported to be rather homogeneous. Recently, Mätzler [1] studied the microwave transmissivities of a large oak tree (Fagus silvatica L.) over a frequency range of 1 GHz to 100 GHz using ground-based upward-looking radiometers. Experiments showed that short wave radiation is sensitive to plant parameters. The purpose of this paper is to investigate the emissivity, transmissivity of trees canopies using ground-based upward-looking microwave radiometersat L-band (center frequency of 1.4 GHz) and X-band (center frequency of 11 GHz). Three microwave radiometers, namely the L-band radiometer LNIR, the C-band radiometer CRM and the X-band radiometer XRM were used for measuring the microwave emission of the objects under investigation. The microwave units and the antennas of the radiometers LNIR, CRM and XRM were mounted on a mechanical support with antenna angle positioning system ( Figure 1 ).
METHODOLOGY

Experimental description
The LNIR is a Dicke-type noise-injection radiometer with center frequency 1.41 GHz. The CRM is a total-power radiometer with center frequency tunable in the range 3.5 to 3.7 GHz. The XRM is a Dicke-type radiometer with center frequency tunable in the range 10.95 to 11.25 GHz. The antenna beamwidths (at -3 dB) of the LNIR, CRM and XRM are 32º, 15º and 17º, respectively. All three radiometers have resolution (sensitivity) ≤ 0.3 K with one second integration time.
The radiometers have two measurement modes: LOCAL and REMOTE. When working in LOCAL mode, each radiometer calculates the average value of the output frequency and the variance for any measuring interval between 1 second and 1024 seconds. When working in REMOTE mode, the radiometer should be connected to a personal computer (via the RS 232 output port) for data recording and post-processing.
The joint field experiment was carried out in 2015 and 2016 near the Space Technology Institute, VAST campus in Hanoi, Vietnam (18 Hoàng Quốc Việt, coordinates 21º02ʹ48.3ʺ N, 105º48ʹ03.6ʺ E and altitude of 13 meters above sea level). A group of several African mahogany trees (Khaya senegalensis) was selected for this experiment. An infrared thermometer Fluke 63 and an electronic thermometer were used for measuring the temperatures of different tree elements, the temperature of the soil below the trees, the air temperature below the trees, and the temperature of the microwave absorber used for calibration of the radiometers. Before measuring the brightness temperature of an object or the environment, the microwave radiometers should be calibrated. Calibration of the microwave radiometers was performed to determine the exact relationship between the output signal of the microwave radiometers (voltage or frequency) and the brightness temperature of the object. Calibration was done with two special reference materials: the black body (Absorber) represents the "hot standard object", and the blue sky, symbolizing the "cold standard object" (Figure 2 ). The radiometers were calibrated by measuring the emission of the sky and a high-quality microwave absorber with known physical temperature [2] . 
Calibration of the microwave radiometers
where T B,abs is the brightness temperatures of the absorber,T B,sky is the brightness temperatures of the blue sky and f, f sky , f abs are the value of the microwave radiometers signal (frequency) when measuring the canopy, blue sky and the absorber, respectively.
After calibrating the radiometers, the radiometers were installed on the ground being directed upwards through the canopy of the investigated African mahogany trees. The tree canopy as seen from the microwave radiometers position for angles 0º, 15º , 30º , 45º and 60º (relative to zenith), in this position downwelling microwave radiation of the canopy was measured.
Transmission model of trees canopy using ground-based upward-looking microwave radiometers
The passive remote sensing method is based on the measurement of the object's brightness temperatures by microwave radiometer, and then application of a physical model to calculate the quantities to be surveyed.
Brightness temperatures
This research was applied and developed by the Mätzler model [1] , and compared with the model of Vichev et al. [3] . According to Mätzler model, microwave radiometer measured the brightness temperature T B of down welling radiation, which can be expressed by:
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where t is the transmissivity and r is the reflectivity of the vegetation layer. The factor 1 -r-t is the emissivity of the vegetation layer, T B,sky is the brightness temperatures of the blue sky, T V is physical temperature of the canopy, T B0 is upward brightness temperatures of the ground,T 0 is upward physical temperatures of the ground. We can express r and t as:
with the definition of:
According to Mätzler [1] , we note that the surface emissivity of the ground below the canopy is near 0.95 over the entire frequency range. Therefore, T B0 approaches T 0 even if T B is not very close to T 0 . The reflectivity r of the canopy is close to 0.1. With this value, we can estimate:
Since T 0 and T V were always very similar (differences were typically within ± 2°C), we can neglect rdT in (4) and estimate the transmissivity from the physical temperature of the canopy, the brightness temperatures of the canopy, and the blue sky at the corresponding frequencies by the formula (7).
Vichev et al. presented the concept of normalized brightness temperatures as calculated by the formula [2] ,
where T V is physical temperature of the canopy, T B is brightness temperatures.
Transmissivity
Transmissivity was calculated by using two different models of Mätzler [1] and Vichev et al. [3] , denoted as t and t 2 , respectively. With t is calculated by the formula (7),
T B,sky is the brightness temperatures of the sky.
Brightness temperatures T B were calculated from the output signal of the radiometers that measure trees canopy by the equation (1); where: T B,abs is the brightness temperatures of the absorber and f, f sky , f abs are the value of the microwave radiometers signal (frequency) when measuring the canopy, blue sky and the absorber, respectively.
The sky brightness temperature T B,sky was calculated using the model of Pellarin et al. [4] ,
where T B-ATMS-D (θ) and T B-COS-D (θ) are the downward atmospheric and cosmic brightness temperatures, respectively.
The downward atmospheric brightness temperature T B-ATMS-D (θ) was calculated as: 
= exp(4.9274 + 0.002195T 2m )
where τ ATM and T ATMeq are the atmosphere optical thickness and equivalent temperature, Z (km) is the surface altitude and T 2m (K) is the air temperature (measured at 2 m above the ground). The downward cosmic emission T B-COS-D (θ) was calculated as:
where T cosmos = 2.7 K.
Using equations proposed by Vichev at al., the transmissivities of the tree crowns were calculated as follows:
t 2 ≈ 1-T BN (13) ∆t is the difference between t and t 2 and was calculated as:
The experiment of Vichev et al. showed that the transmissivities obtained through the two methods of calculation gave similar results with differences ∆t ≤ 0.01.
EXPERIMENTALLY MEASURED DATA
For the purpose of evaluating transmissivity through the trees canopy at microwave frequency band, specifically the L and X bands, the research team conducted experiments in October 2015 and July 2016 at the Vietnam Academy of Science and Technology campus in Hanoi. Measurements were made with the L-band radiometer in both horizontal and vertical polarization, while that of X band radiometer only performed with thevertical polarization. Immediately after the experiment was conducted, the tree and environment parameters were processed.
The sky brightness temperature T B,sky
In the experiment, the blue sky brightness temperature often get approximate values: T B,sky ≈ 5 K. However in reality, T B,sky changes with altitude, air temperature, and the viewing angle can be calculated based on the model of Pellarin at al.. In this study, experimental location was fixed so that the height Z was not changed. Tables 1 and 2 below present the results of the calculation of blue sky brightness temperature for two times in situ measurements. Value T B LH in the same condition is often greater than the value T B LV of about 5 K to 10 K, but T B XV usually get the largest value in the range of 210 K and 250 K. The difference of the brightness temperature is mainly due to observation angle θ decision. Normally, when the antenna is oriented towards the middle of the garden to measure brightness temperature of trees canopy, the minimum value of brightness temperature will be corresponding to the observed vertical direction. When lowering the observation direction, that means the angle between the antenna axis and the vertical direction θ increases, all of the value T B LH , T B LV , T B XV tend to increase. In all experimental phases, t LH and t LV at θ = 0 0 get the maximum value ranges from 0.55 to 0.6. When the antenna of the radiometers is oriented towards the outside edge of the garden, changing of the angle θ does not significally influence the transmissivity of L-band at both polarization. But when the antenna is oriented towards the middle of the garden, transmissivity of L-band at both polarization significantly reduced while increasing the angle θ. t LH and t LV value at the angle θ = 60 0 only between 0.31 to 0.33 showed that the leaves have little impact to transmissivity of L-Band. 
Transmissivity of the canopy
DISCUSSION
In this experiment, the brightness temperatures T B and T BN corresponding to L-band measurements, do not depend much on the angle of view. According to Vichev et al. [3] , the standard brightness temperature T BN and its variations in space and time depend on: branch mass and volume, water content, leaf biomass andwater content and temperature. The transmissivity of L-band, as shown in Table 1 , t LH and t LV at angles θ = 0 0 are values ranging from 0.55 to 0.6, has similar results with those by some authors [3, 5, 6] and [7] and confirms that the canopy is semi-transparent. The error of transmissivity is estimated to be less than 0.01 for the values of T B , which is quite reasonable as compared with reported data.
The transmissivity is defined by two different methods. Mätzler's model estimates the transmissivity from the physical temperature of the canopy, the brightness temperature of the canopy, and the blue sky at the corresponding frequencies through equation (6) . The model by Vichev et al. used equations (13) to estimate the transmissivity from the physical temperature of the canopy and the brightness temperature of the canopy. Although the two methods have many differences, the results obtained by their application do not differ much each from the other. Experimentation has shown that the difference of the transmissivity obtained through two calculation methods is usually of ∆t ≤ 0.01.
Transmissivity of L band with both horizontal and vertical polarization at 0 0 get value bigger at than that at 60 0 . The brightness temperature of the canopy measured by the L band at the angles varies markedly in both polarizations, which demonstrates that L band is relatively large polarization. Transmissivity in the vertical direction is larger than that in the horizontal direction, which is easy to explain because transmissivity depends on the characteristics of vertical growth trees.
The quantitative observations showed that the trunk was a dependent source of L-band radiation, which is consistent with the predictiion by the model of microwave radiation transmitted through trees canopy. The comparison of transmissivity shows that the transmissivity L band is less affected by the leaves of the tree. The transmissivity comparison between H and V polarization reveals the small contribution of the trunk to the total absorption of the canopy. From these observations, it can be concluded that tree branches play a major role in the absorption of L-band radiation propagated through the canopy.
Experimental results showed that the brightness temperature of a canopy at a fixed position does not differ much at different times of measurement, exept for significant changes in weather. Because the research object is the foliage of the khaya senegalensis canopies that has matured, the state of foliage changed not much during the study period. T B LH mainly reached values in the range of 120 K to 200 K. The value of T B LH at the same test conditions are usually larger than T B LV values of about 5 K to 10 K but the values of T B XV are usually greatest and range from 210 K to 250 K. The difference of brightness temperatures is mainly due to the angle of observation θ decision. Typically, the antenna of the radiometer is directed towards the center of the the khaya senegalensis canopy to measure the brightness temperatures of the canopy, the minimum value of the brightness temperatures will correspond to the vertical upward direction. Lowering the viewing angle means that the angle between the axis of the antenna and the vertical axis θ increases, the values of T B LH , T B LV , T B XV tend to increase. This is understandable because when θ = 0 0 , the radiometer is directed towards the "cold standard object" i.e.the blue sky. The vertical direction is also through the thinnest canopy if the distance from the test site to the edge of the canopy is much larger than the height of the canopy. During the experiment on October 26, 2015, the antenna of the radiometer was pointed to the outer edge of the khaya senegalensis canopy, at this measurement direction, the radiometer were disturbed by other objects outside the canopy so the results were not as accurate as in the case of the antenna of the radiometer is directed towards the center of the the khaya senegalensis canopy. Although the opening angle of the radiometers antenna was relatively large (the L band is 32 0 and the X band is 17 0 ), but due to the large differences in the viewing angles of 0 0 , 15 0 , 30 0 , 45 0 , 60 0 , the results of the measurements differed significantly.
In all experiments, t LH and t LV at angles θ = 0 0 have the greatest values from 0.55 to 0.6. When the antenna of the radiometer is directed to the outermost edge of the khaya senegalensis canopies, changing the angle θ does not significantly affect the transmissivity of the L-band radiometer at any polarizations. But as the antenna of the radiometer is pointed toward the center of the khaya senegalensis canopies, the transmissivity of the L-band radiometer at both polarizations decreases markedly by increasing the angle θ. The value of t LH and t LV at the angle θ = 60 0 is only 0.31 to 0.33. This suggests that the leaves have little effect on the transmissivity of the L-band radiometer. Furthermore, there is a difference in the transmissivity between the two polarizations of the L-band when lowering the viewing angle to show that the branches and trunks play a major role in L-band radiation absorption. The X-band transmissivity always get a low value of 0.2 to 0.3 and there is no noticeable change in changing the viewing angle θ. So it can be deduced that the leaves have a role of absorbing X_band radiation much larger than those of L-band. From the above quantitative results it can be shown that the canopy is an opaque medium with X-band frequency but semi-transparent medium for L_band. This finding is consistent with the results of other studies reported e.g. in [5 -10] . This preliminary study has demonstrated the characteristics of L-band and X-band transmission in tree canopy based on both modelling and empirical data.
CONCLUSION
Based on the field measurement campaign in 2015 and 2016, performed by using groundbased upward-looking microwave radiometers in L band and X band microwave transmissivities of khaya senegalensis canopies the brightness temperatures and the transmissivity of the canopy have been calculated and discussed.
These results provide empirical evidence to quantify the characteristics of microwave which is transmitted in the canopy to support the the analysis and assessment of corresponding data obtained when the device is set high above and measuring downwards to the canopy.
